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| NTRODUCTI ON

The Advanced Nuclear Directory offer:s
in the development of advanced nucl e:
considered a comprehensive |ist of tI
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GATEWAY FOR ACCIEHLCERA

| NNOVATI ON I N NUCL R
G AI N Gateway for Accelerated
Innovation in Nuclear
The mission of the GAIN initiatiyv s to

i ndustry with access to the techn
necessary to move advanced nucl ea
commercialization, while ensuring

|LONRAdOYH LN

operation of the existing nuclear
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N O

Energy (DOE) national | aboratory pl ex
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FAST REACTORS | NFO SHEET

DOENE has established the Gateway for Accelerat
provide the nuclear community with access to t
necessary to move innovative nuclear energy te
ensuring the continued safe reliable, and econ
Devel oping safe, r elfiraebel ee nseorugryc ewsi |ol & bgea rlzhoer ante >
chall enge for US powebapedduooempani 8evaral d&gel
Reactors (FRs), a type of advanced nucl ear

Wit hout a moderator nuclear reactions occur
fission reactions. Developers of this reactor
proliferation ri sk, i mproved management of

a | ower cost than traditional reactors. I
other reactors, or produce additional fuel
Four types of FRs are being developed by

(SFR) ,Cdaelaegld Fast ReaCdwlred LFRygt, RKasctor (GFR),

Fast Reactors (MSFR).

Fast Reactors
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As utilities evolve to meet the challenges of a
maodernizing grid, advanced nuclear reactor
technologies seek to provide economically
viable solutions through simplified designs and
reduced operational costs.

INTEGRATION & RELIABILITY

Flagging load growth and the rise of distributed generation
sources are driving advanced nuclear developers to
provide flexible, always on power to end users.

PpEpp——

____________

The possibility of Fukushima-like events is eliminated by
the inherent physics of the reactor through a failsafe
design; fuel waste concerns are substantially reduced.

Thermal Electrical Total
11} Output Output P Plnt
(per unit) (per unit) Footprint
v
gg Mico . <30 MWE <10 MWe Fast Food
Restaurant
@ oeams 30-1000 10 - < 300 MWe Z:I’_';i":
Mwt 9
Industrial
@ Sydems  >1000 MWt > 700 MWe Factory

Designs are intended for factory assembly and fixed modular
@ construction, assuring on-budget projects while reducing overall
costs,

& Some FRs have a long-lived core, making the need for refueling
& infrequent; in some concepts, a reactor can operate for 30-60 years
before it needs refueling.

@ When compared with current reactor designs, passive safety
@ features cut operational and maintenance costs,

Reactors can achieve higher temperatures than fossil fuels,
@ producing a high-quality steam cycle to meet commercial,
industrial, and residential needs.

Reactors are designed for a modern grid, capable of load following
and integrating with variable renewable energy sources.

® FRs have demonstrated the ability to consume existing spent
nuclear fuel from current generation reactors; most designs allow
for the recycling of used fuel, limiting or reducing waste.

@ Operation in the fast spectrum allows for more efficient fuel use
P P
@ than current generation reactors, reducing waste and fuel costs,

® FRs have demonstrated inherent safety under severe accident
conditions.

Primary System

=i Industrial Heat =5 Load
Wate.r Zf= &Steam ilmm Following
Requirements
None O ©
None o) ©
None

© o
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https://gain.inl.gov/SiteAssets/Fast Reactors/2021.May.21_FR_InfoSheet.pdf

I nherently Safe by Design

By operating in the fast spectrum with a | d met
high power density and passively safe oper - bn. FI
fission, and can be designed without a mod or (¢
met al coolant allows for efficient heat tr — er at
and passive decay heat removal. I n the evellieo@®f a
reactor provides reactivity feedback that O rent |
inherent safety behavior prevents severe lent s,
Breeder -IRlea(cltmage 1) . FRs using gas and sa Q can a
performance by passively remeviarbg |heatn,g a C /0 It [y
feedbacks. O
Fuel Cycle Features —_
The unigue properties gt f u e |
utilization and waste O
operate with a favorabl i on
reactions in FRs are ca Z
neutrons than consumed.
excess neutrons into usg , } me
FRs are designed to pro
al so flexible to accept
materials, with many d e i l i ng
existing nuclear waste ST : The
EffiCient[ fuel Utilizaté perlon]:en"[:rtslS B»Flee(dh‘e%ll-?gl l%lhee
some designs to OperateNat‘?Bnale@%@' cet%rWT'eshlo tion i
refueling. FRs offer fuel—ocyecle l e xibi || Dr OV i (
a robust fuel supply and improved nucl ear e maltl
Load Foll owing and I ntegration
By deploying FRs in an energy mix, power p cers
to customers while integrating with other b rat i
renewabl e energy resources. FIl exi bl e | oad O Wi N
demand and intermittent supply. I n ti mes | ess
rampown rate of | ess than 15 minutes. When d e ma
ramped up to full power within minutes.

s een Addi ti onal Fast React Reso

@00 bit.|l-Fas AEAReft orence
bit. |l ¥a6GARNactor

bit. |-yBRENLsSt or y

Lead Enable Optimize
Global Globa Domestic
Technology ndustrial Energy
Commercialization Leadership Portfolio



HI GH TEMPERATURE REACTORS I N

DOENE has established the Gateway for Accelerat
provide the nuclear community with access to t
necessary to move innovative nuclear energy te
ensuring the continued safe, reliable, and eco

Devel oping safe, r elfiraebel ee nseorugryc ewsi |ol& bgea i lshoere snte X

chall enge for US powebapedduompani 8svaral deégel
Temperature Reactors (HTRs), a type of advance
chall enge.

HTRs are a t ynpoed eorfa tgerda pthhiggremal reactor empl oyir
di fferentiating them from other advanced react
mol ten salt as a heat transfer medi um. Develo
safety, remote power, and industrial applicat:i
HTRs typically use | ow enriched uranium fuel t
t han ot her reactors. For this reason, devel ope
industrial fossil fuel processes.

H Designs are intended for factory assembly and fixed modular
H Ig h Te m perat u re Re aCto rs ----------- @ construction, assuring on-budget projects while reducing overall

'
N costs.
'
'

"gessssssssccem cssss== c-=- @ Many designs support online refueling, avoiding disruption in
cccscacscsccnadaa & customers' energy demands.

As utilities evolve to meet the challenges of a
modernizing grid, advanced nuclear reactor
technologies seek to provide economically

=== @ When compared with current reactor designs, passive safety
-------------- & features cut operational and maintenance costs.

e
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viable solutions through simplified designs and ' ' H :
. ] '
reduced operational costs. ! ' i H Reactors can achieve higher temperatures than fossil fuels,
¥ : : : gmmm——— & producing a high-quality steam cycle to meet commercial,
. : ! ] | industrial, and residential needs.
"
' ' ' H '
' K H _ B ) )
INTEGRATION & RELIABILITY I' - r T ':' e " ® Reactors are designed for a modern grid, capable of load following
[ : : - and integrating with variable renewable energy sources.
'
Flagging load growth and the rise of distributed generation [ : :
. '
sources are driving advanced nuclear developers to ‘ H . @ HTR designs either utilize non-reactive helium gas or molten salts
provide flexible, always on power to end users. ' e @ as a heat transfer medium, providing an added measure of safety.
[
‘ ‘
' '
r
'

"""""""""""""" @ More efficient fuel usage than current generation reactors reduces
SAFETY&WASTE = BEEEEEEEEE temmcamfcammemeaan.a @ waste and fuel costs for operators.

The possibility of Fukushima-like events is eliminated by Ceramic TRISO fuel, coupled with a large graphite and salt heat

the inherent physics of the reactor through a failsafe === Y====-=-=-=-------- -~ capacwt_y‘ allows for a slow fuel temperature response in the event
design; fuel waste concerns are substantially reduced. of cooling loss.
T e p R @emm i e
. . L= & steam Himm Followin:
(per unit) (per unit) Footprint Requirements = 9

Micro
<30 MWt <10 MWe Fast Food @ G)
Systems Restaurant None

MWE Garage

Industrial
OO L. >1000MWt  >700 MWe None o o

03
small Parking
_'# oyseems  30-1000 10- <300 MWe None O] ©

Factory




Quality Process Heat for Industrial Applic
Al'l HTR systems have the ability to reach
that wuse fossil fuel s. HTRs' ability to co
i mportant in industrial chemical processes
temperatures for successf ul producti on. H
operators, resulting in greater cost effic
Il nherent Safety that Starts at the Fuel S o
HTRs are built around safety, beginning wi
us@ssitructur afluelso,t ropmmonly referred to asg
fuel comes in different shapes and si zes;
contains a smaéehrambedtupoéaniom fuel within
graphite and silicon carbide. These TRI SO
within spheres ("pebbles") the size of a g
The coatings around the TRI SO particles fu
nucl ear reaction, eliminating the need for
Load Foll owing and I ntegration
By deploying HTRs Fuel Kernel (UCO, UO)
power producers ar Porous Carbon Buffer
reliable electrici Inner Pyrolytic Carbon (IPyC)
integrating with o Silicon Carbide
technol o g i es, such Outer Pyrolytic Carbon (OPyC)
renewabl e energy r
|l oad foll owing cap
enabl e integration
renewabl e energy s
the i gthe heat pro e o
make thermal energy GOEYADDOAIGE)GEEOAT PEAODODAI
integration with inmndustrial processes
possible and attractive during |l ow el ectri
NUCLEAR ENERGY STRATEGIC GOALS
Addi ti onal Hi gh Tempw®
Reactor Resources:
bit . ARAGOR
bit. |7 NiIRE0 n gHsTeR
bit.|-fRI-BaEtAabase

Commercialization Leadership

Portiolio

fiO0NdOd 1N |

NO

er at
tent |
ere
t her e
i es.

hdvan
SO f |
atter
ee | ¢
icl ec:
ball
cont e

tly,

de m:

at ur e



MOLTEN SALT REACTORS | NFO .

Molten Salt Reactors

As utilities evolve to meet the challenges of a
modernizing grid, advanced nuclear reactor
technologies seek to provide economically

===

Some designs are intended for factory assembly and fixed modular
construction, assuring on-budget projects while reducing overall
costs.

Able to operate at full power while being refueled, avoiding a
disruption in customers’ energy demands.

@ When compared with current reactor designs, passive safety
. features cut capital, operations, and maintenance costs.

'
[
' '
' '
' i
P
[l i
viable solutions through simplified designs and [ ' : :
reduced operational costs. : . ! '
' ' : : ® Reactors can achieve higher temperatures, producing electricity
: . : : oo more efficiently or high-quality heat for industrial processes,
oo b ‘
' ' '
INTEGRATION & RELIABILITY I' e - :' S - ® MSRs are designed for a modern grid, capable of load following
: : : - and integrating with variable renewable energy sources.
Flagging load growth and the rise of distributed generation [ : :
'
sources are_dw iving advanced nuclear developers to : : e ccmcmccmcm = @ Flexible designs allow for the use of various fuel types; some
provide flexible, always on power to end users. [l : ------------ @ designs are capable of consuming used fuel from other reactors.
'
H ’ .
N Fecaeen 1 ___________ ® Fuel compositions are flexible compared to current generation
' ' ® reactors, allowing for various fuel cycle approaches to increase
SAFETY & WASTE = bbby et S resource utilization and reduce waste,
'
'
- ]
The.posswbmty o I.:ukush\ma—hke events |se||m\.r|ated by ! Passive safety features can allow for "walk away" safety, even
the inherent physics of the reactor through a failsafe @~ === *=sssscccccc=c- d
uring severe events.
design; fuel waste concerns are substantially reduced.
g ouput § it aper M ol industiaHeat = Load
{ A s . . Cfa) &steam Jiimm Followin
(per unit) (per unit) Footprint Requirements = 9
[y -
Micro
'2{ Mo <30 MWE <10 MWe FastFood O] ©
Restaurant
Small Parkin
0 30-1000  10- <300 MWe 9 None © ©
Systems Garage
MWt
Large Industrial None @ @
>
o& oetems > 1000 MWt 700 MWe Factory

DOENE has established the Gateway for Accelerat
provide the nuclear community with access to t
support necessary to move innovative nucl ear e
commercialization while ensuring the continued
the existing nuclear fleet

Devel oping safe, r elfiraebel ee nseorugryc ewsi |ol & bepa rdlzhoer snte x
challenge for power prodhased dompdari &JS. arSevaee)
Mol ten Salt Reactors (MSRs), a type of advance
chall enge.

MSRs wutilize | ow pressure, high temperature f|
cool ant s. MSRs are different from most other a
ability to operate in a | ow pressure environme
|l onger durations than other reactor types. Dev
reduced proliferation risk, pad$d4sived safsetty sys
MSRs could play a significant role in closing
utilization, -aBhdededwastagplodgct s.



Readily Apparent Safety

Due to the inherent characteirnerti cso mlfanrtos b slsiuq u
systems, MSRs are easily coupled to passiyv prd fety
many of the safety systems needed for ot he — bact ol
fwal k cwwdy and operate with | ow pressure ¢ nent s
the economic performance and enhance the s %9, y of
Hi gdwal ity Energy O

_ O
MSRs produce high
for efficient ele c
for application i O
industrial applicad —
production of hyd —
attractive becausg¢g
operate at higher O
temperatures for ¢ Z
cycl es.
Load Foll owing an

By empl oying MSRs
a power producer i
reliable energy t

integrating with V!ar4i/%bbf%7re/S&O‘:hr(%e.ST-i()Ai 3 J

AAAOT
Fl exible | oad f0||AO@Ni/rA@ ?@,@@Abi.lAic‘)E'ileﬁi O,fAA'l' U
MSRs enable integration with
intermittent renewable eneggwnrdeobeaéspr md by Ml
make ther mal energy storage or integration h i nc
during low electricity demand interval s.

NUCLEAR ENERGY STRATEGIC GOALS
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ALPHA TECH RESEARCH CORP

Al pha Tech Research Corp is developir
Reactor (MSR) technology to enabl e a
producti on.
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Locat$alnt Lake City, UT https://alphatechresea
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